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PROGRESS  REPORT  ON  THE  HYDROLOGY  OF  THE 
CARBONATE  ROCKS  OF  THE  LANCASTER  15-MINUTE 
QUADRANGLE,  PENNSYLVANIA 

By 

HAROLD  MEISLER  AND  ALBERT  E.  BECHER 

ABSTRACT 

Limestone  and  dolomite  strata  of  Cambrian  and  Ordovician  age  underlie  a lowland 
that  occupies  about  60  percent  of  the  Lancaster  quadrangle.  The  stratigraphic  units, 
from  oldest  to  youngest,  are  the  Vintage,  Kinzers,  Ledger,  and  Elbrook  Formations 
and  the  Conococheague  Group  of  Cambrian  age;  and  the  Beekmantown  Group  and 
Conestoga  Formation  of  Ordovician  age. 

The  lowland  contains  several  anticlinal  ridges  that  are  underlain  by  Lower  Cambrian 
quartzites,  schists,  slates,  and  phyllites  of  the  Chickies,  Harpers,  and  Antietam  Forma- 
tions. It  is  bordered  on  the  north  by  highlands  underlain  by  shale  of  the  Cocalico 
Formation  of  Ordovician  age. 

Ground  water  in  the  carbonate  rocks  occurs  within  bedding  and  cleavage  planes, 
and  in  joints,  faults,  and  other  fractures.  Where  these  openings  have  been  enlarged 
by  solution,  large  amounts  of  water  are  available.  The  number  and  size  of  openings 
and  the  degree  of  interconnection  between  them  determine  the  ability  of  the  rocks 
to  transmit  water. 

Specific  capacities  of  247  wells  pumped  for  1 hour  range  from  0.02  to  600  gpm 
(gallons  per  minute)  per  foot  of  drawdown;  the  median  specific  capacity  is  0.91. 
Twenty-five  percent  of  the  specific  capacities  are  less  than  0.14,  and  75  percent  are 
less  than  5.0. 

Specific  capacities  of  wells  in  valleys  are  generally  greater  than  those  of  wells  on 
ridges.  Of  16  wells  having  specific  capacities  greater  than  50,  12  are  in  valleys,  1 is  on 
a fidge,  and  3 are  in  intermediate  topographic  positions. 

Large-capacity  wells  tend  to  be  shallower  than  small-capacity  wells.  The  median 
specific  capacity  is  4.8  gpm  per  foot  of  drawdown  for  wells  less  than  50  feet  deep,  2.5 
for  wells  50  to  99  feet  deep,  0.51  for  wells  100  to  199  feet  deep,  and  0.08  for  wells  200 
to  600  feet  deep. 

Ground  water  in  the  carbonate  rocks  is  of  the  calcium  bicarbonate  type.  The  water 
is  very  hard— approximately  90  percent  of  37  wells  sampled  have  more  than  270  ppm 
(parts  per  million)  hardness.  The  median  hardness  is  308  ppm.  Thirteen  of  the  37 
wells  sampled  contain  more  than  45  ppm  nitrate  (maximum  concentration  con- 
sidered acceptable  by  the  U.  S.  Public  Health  Service)  , and  the  median  nitrate  con- 
centration is  33  ppm. 


INTRODUCTION 

PURPOSE  AND  SCOPE  OF  THE  STUDY 
Lancaster  County,  long  known  as  a rich  agricultural  region,  has  a 
rapidly  growing  industrial  complex,  chiefly  in  the  vicinity  of  the  city  of 
Lancaster.  EIrban  expansion  and  suburban  development  have  kept  pace 
with  this  growth,  and  the  demand  for  water  to  supply  both  domestic 
and  industrial  needs  has  increased.  Some  of  the  demand  is  being  met  by 
ground  water. 
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LANCASTER  QUADRANGLE  HYDROLOGY 


The  greatest  potential  source  of  ground  water  in  Lancaster  County  is 
the  crystalline  carbonate  rocks  that  underlie  nearly  half  the  county.  An 
evaluation  of  the  occurrence,  movement,  and  quality  of  ground  water  in 
these  rocks  is  necessary  for  the  efficient  development  of  the  resource.  In 
September  1962,  the  U.  S.  Geological  Survey,  in  cooperation  with  the 
Pennsylvania  Geological  Survey,  began  a study  of  the  geology  and  hy- 
drology of  carbonate  rocks  of  the  Lancaster  15-minute  quadrangle. 

This  report  contains  basic  hydrologic  and  chemical  data  collected  in 
the  area.  A more  complete  report  will  be  prepared  upon  completion  of 
the  study,  in  1967. 

LOCATION  AND  GEOGRAPHIC  SETTING 

The  area  underlain  by  carbonate  rocks  in  the  Lancaster  15-minute 
quadrangle  in  Pennsylvania  is  shown  in  Figure  1.  This  15-minute 
quadrangle  is  divided  into  the  Manheim,  Lititz,  Lancaster,  and  Columbia 
East  714-minute  quadrangles. 

The  carbonate  rocks  underlie  a gently  rolling  lowland  throughout 
much  of  the  Lancaster  quadrangle.  Interspersed  throughout  the  lowland 
and  along  its  northern  boundary  are  rocks  that  are  more  resistant  to 
erosion  than  the  carbonates.  These  rocks  form  hills  that  rise  300  to  600 
feet  above  the  lowland. 

Chickies  Creek  and  Conestoga  Creek  drain  almost  all  of  the  Lancaster 
15-minute  quadrangle.  (See  Plate  1.)  They  How  southwestward  across 
the  quadrangle  into  the  Susquehanna  River.  Chickies  Creek  drains  the 
western  one-third  of  the  quadrangle;  Conestoga  Creek  and  its  tributary, 
Little  Conestoga  Creek,  drain  the  eastern  two-thirds  of  the  quadrangle. 

METHODS  OF  INVESTIGATION 

Approximately  500  municipal,  industrial,  and  domestic  wells  and 
springs  were  inventoried  during  this  investigation.  The  well  records  are 
given  in  Table  1,  and  the  spring  records  in  Table  2.  Locations  of  wells 
and  springs  are  shown  in  Plate  1.  Short-term  (1-hour)  pumping  tests 
were  made  at  247  wells  in  order  to  determine  specific  capacities  of  the 
wells.  Continuous  water-level  records  were  obtained  at  5 wells. 

Ground-water  samples  were  collected  from  37  wells  and  springs,  and 
complete  analyses  of  the  samples  were  made  by  the  Quality  of  Water 
Branch,  U.  S.  Geological  Survey.  Hardness  as  CaCOs  and  specific  con- 
ductance of  water  from  approximately  450  wells  were  determined  in  the 
field. 

PREVIOUS  INVESTIGATIONS 

The  occurrence  of  ground  water  in  the  Lancaster  quadrangle  is  dis- 
cussed by  Hall  (1934)  as  part  of  a reconnaissance  report  on  ground  water 
in  southeastern  Pennsylvania. 
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Figure  1.  Maps  showing  the  location  and  geology  of  the  Lancaster  quadrangle. 
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LANCASTER  QUADRANGLE  HYDROLOGY 


The  geology  of  the  Lancaster  15-minute  quadrangle  is  described  by 
Jonas  and  Stose  (1930)  in  Pennsylvania  Geological  Survey  Atlas  168. 
Although  this  report  is  a cooperative  product  of  the  Pennsylvania 
Topographic  and  Geologic  Survey  and  the  U.  S.  Geological  Survey,  the 
geologic  nomenclature  accords  with  that  of  the  State  Survey;  it  differs 
some  from  that  of  the  U.  S.  Geological  Survey. 

WELL-NUMBERING  SYSTEM 

The  well-numbering  system  used  in  this  report  shows  the  location  of 
wells  and  springs  according  to  the  latitude  and  longitude  system  il- 
lustrated in  Figure  2. 


Well  006-618-2  was  the  second  well  inventoried  in  the  1 -minute  area 
north  of  the  40° 06'  parallel  of  latitude  and  west  of  the  76°  18'  meridian 
of  longitude. 

Figure  2.  Diagram  showing  the  well-numbering  system. 

The  latitude  and  longitude  system  consists  of  a statewide  grid  of  1- 
minute  parallels  of  latitude  and  1-minute  meridians  of  longitude.  Within 
a 1-minute  area  wells  are  numbered  and  springs  are  lettered  consecutively 
in  the  order  inventoried.  For  example,  in  the  number  006-618-2,  which 
was  assigned  to  a well  near  Neffsville  in  Lancaster  County,  the  first  seg- 
ment (006)  is  composed  of  the  last  digit  of  the  degrees  (40)  and  the  two 
digits  of  the  minutes  (06)  that  define  the  latitude  on  the  south  side  of  a 
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1-minute  quadrangle;  the  second  segment  (618)  consists  of  the  last  digit 
of  the  degrees  (76)  and  the  two  digits  of  the  minutes  (18)  that  define 
the  longitude  on  the  east  side  of  a 1 -minute  quadrangle;  and  the  last 
segment  (2)  indicates  the  consecutive  number  assigned  to  the  well  as  it 
was  inventoried.  (See  Plate  1.)  Similarly,  the  spring  numbered  005- 
629-A  was  the  first  spring  inventoried  in  the  1-minute  quadrangle  north 
of  the  40° 05'  parallel  of  latitude  and  west  of  the  76° 29'  meridian  of 
longitude. 

CLIMATE 

In  Lancaster  County  summers  are  long,  temperature  extremes  are 
moderate,  and  rainfall  is  abundant.  The  average  annual  precipitation  at 
the  U.  S.  Weather  Bureau  station  at  Lancaster  for  the  years  1931  through 
1955  was  43.13  inches.  The  average  yearly  temperature  for  the  same 
period  was  52.06°  F.  Approximately  33  percent  of  the  total  yearly  rain- 
fall takes  place  in  June,  July,  and  August,  and  57  percent  occurs  in  the 
6-month  period  from  April  through  September.  Summer  precipitation 
is  predominantly  of  the  thunderstorm  type,  and  therefore  is  highly  vari- 
able in  quantity  and  areal  distribution.  Winter  precipitation  is  related 
to  a more  general  weather  pattern,  and  therefore  is  more  uniform  in 
quantity  and  areal  distribution.  The  following  table  gives  the  average 
monthly  rainfall  and  temperature  at  Lancaster  for  the  years  1931 
through  1955. 


Average  monthly  precipitation  (in  inches)  and  temperature  (in  degrees  Fahrenheit) 
at  the  U.  S.  Weather  Bureau,  Lancaster,  1931-55 

(From  Kauffman,  1960) 


Month 

Precipitation 

Temperature 

January 

3.16 

30.4 

February 

2.61 

31.1 

March 

3.45 

40.1 

April 

3.45 

49.8 

May 

3.54 

61.3 

June 

4.01 

70.2 

July 

4.85 

74.5 

August 

5.28 

72.3 

September 

3.31 

65.3 

October 

3.27 

54.0 

November 

3.21 

42.9 

December 

2.99 

32.8 
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GEOLOGY 

Limestone  and  dolomite  of  Cambrian  and  Ordovician  age  occupy  a 
broad  east-west-trending  belt  across  central  Lancaster  County.  These 
rocks  form  a lowland  that  is  interrupted  by  anticlinal  ridges  in  which 
Lower  Cambrian  quartzites,  quartz  schists,  slates,  and  phyllites  are  ex- 
posed. The  northern  boundary  of  the  carbonate  rocks  in  the  Lancaster 
quadrangle  is  formed  by  shale  of  the  overlying  Cocalico  Formation  of 
Ordovician  age. 

The  sequence  of  Cambrian  and  Ordovician  rocks  in  the  Lancaster 
quadrangle,  according  to  Jonas  and  Stose  (1930),  is  given  in  Table  1. 

The  areal  distribution  of  these  strata  in  the  Lancaster  quadrangle  is 
shown  in  Figure  1.  The  largest  exposures  of  the  quartzites,  schists,  and 
phyllites  of  the  Antietam,  Harpers,  and  Chickies  Formations  are  in  a 
complexly  folded  and  faulted  anticlinorium  in  the  southwestern  part 
of  the  quadrangle.  In  general,  progressively  younger  strata  crops  out 
northward  across  the  area.  However,  the  Conestoga  Formation,  possibly 
the  youngest  carbonate-rock  formation  in  the  quadrangle,  unconformably 
overlaps  the  Vintage,  Kinzers,  and  Ledger  Formations  in  the  southern 
part  of  the  quadrangle. 

The  structure  of  the  Cambrian  and  Ordovician  rocks  in  the  Lancaster 
quadrangle  is  extremely  complex,  the  strata  being  intensely  folded  and, 
in  places,  intricately  faulted. 

HYDROLOGY 

PRINCIPLES 

Ground  water  is  the  subsurface  water  in  that  part  of  the  zone  of  satura- 
tion in  which  the  interconnected  pores,  crevices,  and  other  openings  in 
the  rock  are  filled  with  water  under  pressure  equal  to  or  greater  than 
atmospheric.  Rocks  that  are  capable  of  yielding  usable  supplies  of  ground 
water  to  wells  or  springs  are  called  aquifers.  The  openings  that  contain 
and  transmit  water  in  an  aquifer  are  classified  as  primary  or  secondary. 
Primary  openings  are  the  interstitial  voids  formed  during  deposition  of 
the  sediments.  The  secondary  openings  are  formed  as  a result  of  crustal 
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Table  1.  Generalized  section  of  the  Cambrian  and  Ordovician  strata  in  the 
Lancaster  quadrangle,  Pennsylvania 

(Modified  from  Jonas  and  Stose,  1930) 


System 

Group  or  formation 

Predominant  physical  character 

Cocalico  Formation 

Dark-gray  to  bluish-black  shale. 

Ordovician 

Conestoga  Formation 

Blue  thin-bedded  limestone  containing 
argillaceous  partings;  closely  folded. 

Beekmantown  Group 

Light-bluish-gray  limestone,  magnesian 
limestone,  and  dark-gray  dolomite. 

Conococheague  Group 

Light-  to  dark-bluish-gray  limestone  and 
dark-gray  dolomite;  some  beds  are 
argillaceous  and  siliceous. 

Elbrook  Formation 

Light-gray  to  white  laminated  magnesian 
limestone  containing  sericitic  partings. 

Ledger  Formation 

Light-gray,  mottled,  massive  pure  coarsely 
crystalline  dolomite. 

Cambrian 

Kinzers  Formation 

Gray  to  blue  shale  overlain  by  gray  and  white 
spotted  limestone  containing  interbeds  of 
blue  sandy  dolomite. 

Vintage  Formation 

Dark-gray,  knotty,  argillaceous  dolomite  con- 
taining impure  light-gray  marble  at  base. 

Antietam  Formation 

Gray  quartzite  and  quartz  schist. 

Harpers  Formation 

Light-gray  phyllite  and  dark-banded  slate. 

Chickies  Formation 

Light-gray  and  white  massive  quartzite  and 
quartz  schist. 

movement,  solution,  or  rock-weathering  processes  that  take  place  after 
the  rock  is  formed. 

Ground  water  in  the  carbonate  rocks  of  the  Lancaster  quadrangle 
occurs  almost  entirely  in  the  secondary  openings.  Water-filled  openings 
along  bedding  and  cleavage  planes,  joints,  and  faults  can  supply  small 
to  moderate  amounts  of  water  for  domestic  and  farm  use.  Where  these 
openings  have  been  enlarged  by  solution,  larger  amounts  of  water  are 
available  for  industrial  and  municipal  use.  The  number  and  size  of  the 
openings  and  the  degree  of  interconnection  between  them  determine  the 
ability  of  the  carbonate  rocks  to  transmit  water  to  wells  and  springs. 

Ground  water  may  occur  under  either  water-table  or  artesian  condi- 
tions. Under  water-table  conditions,  ground  water  is  not  confined,  and 
the  upper  surface  of  the  zone  of  saturation-called  the  water  table— is 


Precipitation  in  inches  Depth  to  water,  in  feet  below  land  surface 
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JANUARY  FEBRUARY  MARCH  APRIL  MAY  JUNE  JULY  AUGUST  SEPTEMBER  OCTOBER  NOVEMBER  DECEMBER 


Figure  3.  Hydrographs  of  wells  005-623-2  and  006-623-17  and  precipitation  at  Landisville. 
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free  to  fluctuate.  Where  ground  water  is  confined  under  hydrostatic 
pressure  in  a permeable  rock  by  relatively  impermeable  overlying  rocks, 
the  water  occurs  under  artesian  conditions.  When  an  artesian  aquifer 
is  penetrated  by  a well,  thd  water  will  rise  in  the  well  above  the  upper 
surface  of  the  aquifer  to  a level  called  the  peizometric  surface. 

In  the  carbonate  rocks  of  the  Lancaster  quadrangle,  ground  water  is 
confined  within  crevices  and  solution  channels.  When  a well  penetrates 
such  a water-bearing  opening,  the  water  will  rise  in  the  well  above  the 
level  of  the  opening,  and  might  be  considered  artesian.  However,  as 
there  are  no  sharply  defined  aquifers  or  confining  beds,  the  carbonate 
rocks  should  be  thought  of  as  a complex,  nonhomogeneous  water-table 
aquifer. 

Precipitation  is  the  source  of  all  ground  water  in  the  carbonate  rocks 
of  the  Lancaster  quadrangle.  The  precipitation  infiltrates  downward 
through  the  soil  and  rock  openings  to  the  water  table.  Within  the  zone 
of  saturation,  ground  water  moves  downward  and  laterally  through  rock 
openings  from  areas  of  recharge  (where  hydraulic  potentials  are  high) 
to  points  of  discharge  (where  hydraulic  potentials  are  low)  . Discharge 
takes  place  primarily  through  springs,  streams,  and  wells. 

Under  natural  conditions,  and  over  long  periods  of  time,  the  amount 
of  discharge  from  an  aquifer  is  equal  to  the  amount  of  recharge  to  the 
aquifer.  Ground-water  levels  fluctuate  in  response  to  recharge  and 
discharge— rising  when  recharge  exceeds  discharge  and  declining  when 
discharge  exceeds  recharge. 

Figure  3 shows  hydrographs  ot  wells  005-623-2  and  006-623-17  and 
precipitation  for  the  calendar  year  1964.  Both  wells  show  a general 
water-level  rise  from  January  to  early  May  and  a decline  from  May  to 
November.  Water  levels  generally  decline  during  the  growing  season, 
because  much  of  the  precipitation  is  intercepted  by  vegetation  before 
it  can  reach  the  water  table.  The  lack  of  substantial  recharge  during 
the  growing  season  is  illustrated  in  another  way  by  the  hydrographs. 
Large  water-level  fluctuations  in  response  to  rainfall  occur  during  the 
period  from  January  to  early  May,  whereas  only  small  fluctuations  occur 
during  the  period  from  May  to  December. 


WATER  BEARING  PROPERTIES  OF  THE  GARBONATE  ROCKS 

Pumping  tests  1 hour  long  were  made  on  247  wells  in  order  to  evaluate 
the  ability  of  the  carbonate  rocks  to  yield  water  to  wells.  The  results  of 
the  tests  are  given  as  the  specific  capacity  of  each  well  for  1 hour  of 
pumping.  Specific  capacity  is  defined  as  the  yield  of  a well  per  unit 
decline  of  water  level,  and  is  usually  expressed  as  gallons  per  minute  per 
foot  of  drawdown  (gpm  per  ft)  . 


Specific  capacity,  in  gallons  per  minute  per  foot  of  drawdown 
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Figure  4.  Graph  showing  the  cumulative  frequency  distribution  of  specific  capacities  of  247  wells. 
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The  principal  use  of  these  specific  capacities  is  to  permit  comparison 
between  wells  that  tap  different  geologic  units,  are  situated  in  different 
topographic  locations,  or  are  drilled  to  different  depths.  In  addition, 
these  computations  are  useful  in  indicating,  in  a general  way,  the  suit- 
ability of  wells  for  various  purposes.  Wells  in  the  carbonate  rocks  that 
have  specific  capacities  of  less  than  0.08  gpm  per  ft  are  usually  inadequate 
or  barely  adequate  for  domestic  use.  Specific  capacities  of  0.08  and  0.3 
gpm  per  ft  are  generally  sufficient  for  domestic  use.  Wells  having  specific 
capacities  of  0.1  to  0.7  may  be  adequate  for  farm  and  commercial  use. 
Wells  having  specific  capacities  of  0.5  to  5 are  generally  suitable  for  small 
public  supplies  and  some  industries.  Wells  having  specific  capacities 
greater  than  5 are  generally  suitable  for  public  supply  and  industrial  use. 

Specific  capacities  of  the  247  test  wells  range  from  0.02  to  600,  and  the 
median  is  0.91.  The  cumulative  frequency  distribution  of  specific  capaci- 
ties is  shown  in  Figure  4.  Seventeen  percent  of  the  specific  capacities  are 
less  than  0.08  (the  minimum  considered  suitable  for  domestic  use)  and 
75  percent  are  less  than  5.0  (the  minimum  sufficient  for  public  supply  or 
industrial  use) . 

These  calculated  specific  capacities  have  two  shortcomings.  First,  a 
1-hour  test  is  inadequate  to  determine  the  performance  of  a well  over 
long  periods.  Second,  the  wells  in  most  cases  were  pumped  at  relatively 
low  rates,  generally  between  5 and  15  gpm.  In  aquifers  as  heterogeneous 
as  the  carbonate  rocks,  the  specific  capacity  of  a well  determined  at  a low 
pumping  rate  may  not  be  indicative  of  the  well’s  specific  capacity  at  a 
much  higher  pumping  rate. 

Most  of  the  cumulative  frequency-distribution  plot  of  specific  capacities 
approximates  a straight  line,  indicating  that  specific  capacities  have  a log- 
normal distribution.  The  points  on  the  lower  end  of  the  graph  are 
above  this  straight  line  largely  because  the  calculated  specific  capacities 
include  the  effect  of  water  stored  in  the  borehole.  In  a 6-inch  well, 
approximately  0.025  gpm  per  ft  of  the  specific  capacity  at  the  end  of  1 
hour  ol  pumping  is  directly  attributable  to  water  stored  in  the  borehole; 
therefore,  in  wells  of  very  low  specific  capacity,  the  effect  of  such  stored 
water  is  substantial,  and  in  wells  of  moderate  or  high  specific  capacity, 
the  effect  is  negligible. 

Specific  capacities  of  pumped  wells  appear  to  be  related  to  topography. 
Figure  5 shows  the  percentage  distribution  of  specific  capacities  (grouped 
according  to  topographic  position)  of  all  wells  except  those  in  the 
Conestoga  Formation.  Wells  in  the  Conestoga  Formation  were  not  in- 
cluded, because  the  Conestoga’s  topography  differs  markedly  from  that 
of  the  other  carbonate  formations  and  the  topography  is  not  readily 
divided  into  similar  topographic  positions.  Ol  183  wells  plotted  in 
Figure  5,  70  are  in  valleys,  37  are  on  ridges,  and  76  are  in  intermediate 


Specific  capacity,  in  gallons  per  minute  per  foot  of  drawdown 


Figure  5.  Graph  showing  the  cumulative  frequency  distribution  of  specific  capacities  of  wells 
grouped  according  to  topographic  position. 


Specific  capocity,  in  gallons  per  minute  per  foot  of  drawdown. 


Figure  6.  Graph  showing  the  cumulative  frequency  distribution  of  specific  capacities  of  wells 

grouped  according  to  depth. 
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topographic  positions.  Specific  capacities  of  wells  in  valleys  are  generally 
greater  than  those  of  wells  on  ridges.  Specific  capacities  of  wells  in 
topographic  positions  intermediate  between  ridges  and  valleys  are  gen- 
erally greater  than  those  of  wells  on  the  ridges  but  are  less  than  those 
of  wells  in  the  valleys.  Probably  the  clearest  indication  of  differences 
between  the  specific  capacities  of  wells  in  the  three  topographic  positions 
is  given  by  the  distribution  of  wells  having  high  specific  capacities. 
Twelve  of  the  16  wells  having  specific  capacities  greater  than  50  gpm  per 
ft  are  in  valleys,  3 are  intermediate  in  position,  and  only  1 is  on  a ridge. 
Of  9 wells  having  specific  capacities  greater  than  100  gpm  per  ft,  7 are 
in  valleys,  2 are  in  intermediate  positions,  and  none  are  on  ridges. 

Specific  capacities  of  wells  appear  to  be  related  to  the  depths  of  the 
wells.  Figure  6 shows  the  percentage  distribution  of  specific  capacities 
of  wells  grouped  according  to  their  depth.  In  general,  shallow  wells  have 
the  highest  specific  capacities  and  deeper  wells  have  the  lowest  specific 
capacities.  This  relationship  is  shown  also  in  Table  2,  which  gives  the 
median  specific  capacity  for  wells  grouped  according  to  depth.  Median 


Table  2.  Median  specific  capacities  of  wells  grouped  according  to  well  depths 


Depth 
o£  wells 

(feet  below  land  surface) 

Median 

specific  capacity 
(gpm  per  ft  of  drawdown) 

Number  of  wells 

Less  than  50 

4.8 

13 

50-99 

2.5 

70 

100-199 

.51 

81 

200-600 

.08 

32 

specific  capacity  decreases  from  4.8,  for  wells  less  than  50  feet  deep,  to  0.08 
for  wells  200  to  600  feet  deep. 

This  relationship  of  specific  capacity  to  well  depth  indicates  that  in 
those  areas  where  little  or  no  water  occurs  at  shallow  depth  it  is  unlikely 
that  the  yield  of  a well  can  be  increased  appreciably  by  deepening  the 
well;  instead  the  possibility  of  obtaining  an  adequate  supply  of  water  is 
increased  by  drilling  another  well. 

QUAUTY  OF  WATER 

Dissolved  mineral  matter  in  ground  water  is  derived  from  soluble 
mineral  matter  in  the  atmosphere,  soil,  and  rocks  through  which  the 
water  moves.  The  chemical  quality  of  ground  water  is  thus  governed 
chiefly  by  the  nature  of  the  soil  and  rock  through  which  the  water  passes, 


QUALITY  OF  WATER 
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by  the  length  of  time  the  water  has  been  in  contact  with  these  materials, 
and  by  human  activities  such  as  the  disposal  of  waste  and  the  use  of 
fertilizer  and  insecticides. 

Forty-seven  chemical  analyses  of  water  from  37  wells  and  springs  in  the 
carbonate  rocks  of  the  Lancaster  quadrangle  are  given  in  Table  6.  The 
discussion  that  follows  is  based  upon  37  of  these  samples— one  from  each 
well  or  spring. 

Ground  water  in  the  carbonate  rocks  of  the  Lancaster  quadrangle  is 
of  the  calcium  bicarbonate  type.  The  major  cations  in  the  water,  in 
order  of  abundance,  are  calcium  (Ca) , magnesium  (Mg)  , sodium  (Na)  , 
and  potassium  (K)  . The  major  anions,  in  order  of  abundance,  are  bi- 
carbonate (HC03) , sulfate  (S04) , nitrate  (N03) , chloride  (Cl),  and 
fluoride  (F)  . 

The  median,  10-percentile,  and  90-percentile  concentrations  of  each  of 
these  constituents  and  of  other  constituents  and  properties  of  the  ground 
water  are  given  in  Table  3. 


Table  3.  Summary  of  chemical  quality  of  ground  water 


Concentration 

in  ppm,  except  for  pH1 

10  percentile2 

Median 

90  percentile3 

Iron  (Fe) 

0.05 

0.11 

0.68 

Calcium  (Ca) 

58 

83 

133 

Magnesium  (Mg) 

12 

23 

45 

Sodium  (Na) 

2.9 

6.2 

26 

Potassium  (K) 

1.0 

2.4 

7.0 

Bicarbonate  (HC03) 

189 

286 

376 

Sulfate  (S04) 

11 

46 

93 

Chloride  (Cl) 

7.2 

16 

46 

Fluoride  (F) 

.0 

.1 

.2 

Nitrate  (N03) 

3.8 

33 

too 

ABS 

.01 

.07 

.14 

Dissolved  solids 

270 

391 

568 

Total  hardness  (as  CaC03) 

232 

308 

430 

PH 

7.20 

7.46 

7.75 

1 Based  on  37  samples,  except  ABS  which  is  based  on  35  samples. 

2 Ten  percent  of  samples  have  concentrations  less  than  the  value  shown. 

3 Ninety  percent  of  samples  have  concentrations  less  than  the  value  shown. 
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A few  of  these  constituents  are  present  in  undesirably  large  quantities 
in  the  water  from  some  wells  and  thus  limit  the  usefulness  of  the  water 
or  require  the  water  to  be  treated.  Hardness  in  water  forms  scale  in 
boilers,  water  heaters,  and  pipes,  and  consumes  soap.  Water  from  the 
carbonate  rocks  is  very  hard— only  one  well  of  the  37  wells  sampled 
yielded  water  having  a hardness  of  less  than  200  ppm. 

According  to  the  U.  S.  Department  of  Health,  Education,  and  Welfare 
(1962,  p.  48-50) , water  containing  more  than  45  ppm  nitrate  is  potentially 
dangerous  when  used  in  infant  feeding.  Infant  methemoglobinemia,  a 
disease  characterized  by  certain  blood  changes  and  cyanosis,  may  be 
caused  by  the  high  nitrate  concentrations  in  the  water.  Thirteen  of  the 
37  sampled  wells  yielded  water  containing  more  than  45  ppm  nitrate. 

Iron  in  excessive  amounts  stains  laundry  a reddish-brown  color  and 
imparts  an  objectionable  taste  to  water.  The  maximum  iron  content  of 
drinking  water  recommended  by  the  U.  S.  Department  of  Health,  Educa- 
tion, and  Welfare  (1962,  p.  43)  is  0.3  ppm.  The  iron  concentration 
exceeded  0.3  ppm  in  water  from  five  wells  in  the  Lancaster  quadrangle. 

The  specific  conductance  of  water  is  the  ability  of  the  water  to  conduct 
an  electric  current.  It  is  generally  expressed  in  micromhos  per  centimeter 
at  25 °C.  Field  determinations  of  specific  conductance  were  made  on 
samples  from  approximately  460  wells,  including  44  of  the  47  samples 
sent  to  the  laboratory  for  complete  chemical  analysis.  The  relation  be- 
tween field  determinations  of  specific  conductance  and  dissolved-solids 
content  of  the  44  samples  is  shown  on  Figure  7.  The  coefficient  of  correla- 
tion is  0.97  (the  coefficient  of  correlation  is  1.00  for  a perfect  correlation)  . 
Because  of  this  close  correlation,  Figure  7 can  be  used  to  convert  the  460 
field  determinations  of  specific  conductance  shown  in  Table  4 to  dis- 
solved-solids content. 


CONCLUSIONS 

Ground  water  in  the  carbonate  rocks  occurs  in  bedding  and  cleavage 
planes,  joints,  faults,  and  other  fractures.  Where  these  openings  have 
been  enlarged  by  solution,  large  amounts  of  water  may  be  available.  The 
number  and  size  of  the  openings  and  the  degree  of  interconnection  be- 
tween them  determine  the  ability  of  the  carbonate  rocks  to  transmit  water. 

The  specific  capacities  of  247  wells  were  determined  in  order  to  evalu- 
ate the  ability  of  the  carbonate  rocks  to  yield  water  to  wells.  The 
specific  capacities,  determined  from  1-hour  pumping  tests,  ranged  from 
0.02  to  600  gpm  per  foot.  Twenty-five  percent  were  less  than  0.14,  50 
percent  were  less  than  0.91,  and  75  percent  were  less  than  5.0. 

Specific  capacities  of  wells  in  carbonate  rocks  appear  to  be  related  to 
topography,  and  wells  in  valleys  generally  have  the  greatest  specific 
capacities.  Of  16  wells  having  specific  capacities  greater  than  50,  12  are 
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Figure  7.  Graph  showing  the  relation  of  field  determinations  of  specific  conductance  to 

dissolved-solids  content. 

in  valleys,  3 are  intermediate  in  topographic  position,  and  1 is  on  a ridge. 
Of  9 wells  having  specific  capacities  greater  than  100,  7 are  in  valleys,  and 
2 are  in  intermediate  positions. 

A general  relationship  exists  also  between  specific  capacities  and  depths 
of  wells.  Shallow  wells  generally  have  the  highest  specific  capacities,  and 
deeper  wells  have  the  lowest.  Median  specific  capacity  is  4.8  gpm  per  ft 
for  wells  less  than  50  feet  deep,  2.5  lor  wells  50  to  99  leet  deep,  0.51  for 
wells  100  to  199  feet  deep,  and  0.08  for  wells  200  to  600  feet  deep.  In 
areas  where  little  water  is  encountered  at  shallow  depths,  it  is  unlikely 
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that  the  yield  of  a well  can  be  increased  appreciably  by  deepening  the 
well.  The  probability  of  finding  moderate  quantities  of  water  in  the 
carbonate  rocks,  therefore,  is  increased  by  drilling  several  shallow  wells 
instead  of  one  deep  well. 

Ground  water  in  the  carbonate  rocks  is  of  the  calcium  bicarbonate 
type.  The  water  is  very  hard— only  1 of  37  wells  sampled  has  a hardness 
of  less  than  200  ppm.  Nitrate  contamination  is  common,  as  13  of  the  37 
wells  sampled  contain  more  than  45  ppm  nitrate,  the  maximum  con- 
sidered acceptable  by  the  U.  S.  Department  of  Health,  Education,  and 
Welfare. 
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TABLES  4,  5,  and  6 


Well  number:  See  text  for  description  of  well-numbering  system.  Static  water-level:  fi,  reported. 

Method  of  construction:  Drl,  drilled.  Use:  A,  air  conditioning;  C,  commercial;  D,  domestic;  I,  industrial;  Irr,  irriga- 

Total  depth:  E,  reported.  tion;  0,  observation;  Ps.  public  supply;  S,  stock;  U,  unused. 
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Table  6.  Chemical  analyses  of  ground  water  in  Lancaster  quadrangle— Continued 

(Results  in  parts  per  million  except  as  indicated) 
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